Background: Several studies have reported a general increase in body mass index (BMI). Aim: To identify factors influencing BMI changes at 28 years follow-up. Design: Prospective screening study. Methods: The cohort of the Oslo I study of 1972/73 had another screening in 2000 (Oslo II). We present data for these men, and men from Oslo I who participated in five similar studies during 1996-2001. In all, 7157 men aged 20-49 years at first screening attended two health screenings, and complete data were available for 7104. BMI change from 1972/73 to 2000 was the dependent variable in multiple regression analyses. Results: The percentage with obesity (BMI 530) increased overall from 2.5% to 13.5%. The overall mean (SD) BMI increased from 24.2 (2.6) kg/m
Introduction
Concerns have been raised worldwide [1] [2] [3] [4] [5] [6] at reports of increases in Body Mass Index (BMI) that affects people's risk for several diseases associated with obesity. Obese people are at increased risk of diabetes, 7 hypertension, 4, 8 heart disease, [9] [10] [11] stroke 12 and total mortality. 11, [13] [14] [15] [16] In Norwegian national cross-sectional data for 40-42-year-olds, the mean male weight increased by 5.6 kg over the period 1966-1995. 6 Two Norwegian studies show a high correlation for BMI from both teenagers advancing into adulthood 17 and people aged 20-61 years followed for 16 years. 18 The Oslo-study of 1972/73 was the first large population-based study on the risk of cardiovascular disease in Norway. The 21-year follow-up of this cohort showed a trend in increasing BMI risk for fatal (but not non-fatal) myocardial infarction (MI) with increasing length of follow-up. 19 The second survey (Oslo II) in 2000 made it possible to study the actual increase in BMI and the factors associated.
The aim of the present study was to investigate any associated increase (unless otherwise stated) in the values of other risk factors that might influence the observed change in BMI between 1972/73 and 2000, to help us understand the current BMI increase in men. Such knowledge may illuminate whether new preventive measures are needed or if existing ones should be intensified.
Methods
The cohort attended the first screening in 1972/73 in Oslo recording risk factors for cardiovascular disease. The first screening involved all men in Oslo aged 40-49 years (n ¼ 25 915) and a 7% sample of men aged 20-39 years (n ¼ 4110). 20 A total of 16 209 men aged 40-49 years and 1763 men aged 20-39 years attended. The standardized procedures involved having a non-fasting blood sample taken to record the level of total serum cholesterol, triglycerides and glucose, and measurement of height and weight. The men answered a questionnaire about the presence of symptoms and diseases of cardiovascular origin, smoking, mental stress, physical activity at leisure and work. Two intervention studies were included; one on diet and smoking intervention and another on drug treatment of hypertension. A low-risk group was examined, with special focus on ECG. With the exception of the men participating in the two intervention studies, this cohort of men had not been to a second screening prior to the Oslo II screening in 2000.
After 28 years, 12 764 of the men who had been invited to the first screening, and now were living in Oslo or the surrounding county of Akershus, were invited to the second screening, Oslo II, in coordination with the Oslo Health Study. 21 In all, 5323 of these men attended both health screenings. Some men from the Oslo study cohort were not invited, because they were instead invited to attend The Oslo Health Study and the associated MORO (Exercise at Romsås; in Norwegian, Mosjon på Romsås) study, according to their year of birth. We also did not invite the men who previously attended two intervention studies and now were currently taking part in three new intervention studies. Thus, in addition to Oslo II, data from 1834 participants from the five studies of 3960 eligible men of the Oslo study cohort were included, with informed consent from the men involved and permission of the Norwegian Data Inspectorate. The study population being analysed thus comprised 7157 men.
At the second screening, the men underwent a health screening where a non-fasting blood sample was taken for total serum cholesterol, HDLcholesterol, triglycerides and glucose. Height and weight were measured. Two questionnaires were used according to age of the participants. They answered a questionnaire on medical history, sickness in family, memory (only the older men), mental health, muscular or skeletal pain, relation to family and friends, physical activity, education, diet, drinking, smoking, physical functioning and feeling of safety (only the older men), use of health services, pattern of habitation and medication.
Statistical analyses
Analyses were based on the change in risk factors from 1972/73 to 2000. Body Mass Index was calculated as weight in kg divided by the square of the height in m (kg/m 2 ). BMI was first stratified into five levels according to the World Health Organization definition. 13 However, to gain enough power in the statistical analyses, the BMI strata were reduced to three levels: <25.0 kg/m 2 , 25.0-29.9 kg/m 2 and 530.0 kg/m 2 . Risk factors were presented as means and standard deviation (SD) or percentages. Multiple linear regression analysis was used to study the association of other factors with BMI (continuous term). Analyses were made separately for the different age-groups and the total cohort.
The definition of attendance was a SBP value for both screenings. Not all men had all risk factors measured, hence numbers are lower for some of the analyses. Significance was set at p < 0.05.
At the first screening in 1972/73, the values of total serum cholesterol, triglycerides and glucose were measured in mg/dl. Recalculations as mmol/l were made according to specifications of The Oslo Study Laboratory Protocol 2: total serum cholesterol in mmol/l¼(0.92 Â value in mg/dl Â 0.02586) þ 0.03; triglycerides in mmol/l ¼ (0.90 Â value in mg/dl Â 0.01129)-0.11; glucose in mmol/l ¼ (0.0518 Â value in mg/dl)-0.58. Analyses used SPSS 12.0.1.
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Results
An increase in mean BMI was clear. At the first screening, obesity (defined as BMI 530 kg/m 2 ) ranged from 0.6% to 2.7% among the six age groups (Table 1 ). In 2000, these values ranged from 12.3% to 21.5%. The differences ranged from 9. BMI increased in all six five-year age groups (Table 2) , an appreciable mean change in BMI was not observed between first and second screening, but the numbers in some of the age groups were small. The change ranged from 1.1 units (3.4) in the youngest men to 0.6 (3.8) in the oldest.
The possible influence of other risk factors on the increase in BMI was studied by multiple linear regression. We studied the risk profiles overall and for each of the three BMI levels ( Table 3 ). The analyses were controlled for use of cholesterol lowering and antihypertensive drugs. Overall, analyses showed increasing age, systolic blood pressure (SBP), triglycerides, total cholesterol, glucose, increased physical activity relative to no change (inversely) and being a smoker in 2000 (inversely) and quitting smoking in 2000 to be independently associated with BMI increase. Inactivity at leisure relative to no change was not significantly associated. The men with BMI <25.0 had the same risk factor profile except for physical activity at leisure (p40.05) and smoking at last screening but not at first screening (p40.05). The risk profile for men with BMI 25.0-29.9 kg/m 2 differed from the overall results, in that total cholesterol and glucose were not significantly associated. For the obese men, a further increase in BMI was only independently associated with SBP and being smoker at both screenings (inversely).
The relationship between BMI increase and age was analysed by stratifying age into three ten-year age groups. These analyses were adjusted for age within the age strata. All three strata shared the significant predictors of increasing levels of SBP, triglycerides, glucose and quitting smoking (inversely). For the older age group, the additional risk factors increasing total cholesterol, increased physical activity (inversely) and being a smoker in 2000 (inversely) were significantly associated. Age was not significant in the middle age group of 30-39 years.
Discussion
The percentage of obese men (BMI 530.0 kg/m 2 ) increased by a factor of 5.4 in our cohort, with a marked increase in mean BMI, over the 28-year period. This change was larger in younger men. Overall, all the risk factors studied, except for reduced level of physical activity at leisure, were independently associated with BMI increase. The reference group was no change in activity and it might be that the difference on BMI between no change and decreased activity at leisure is small among these men. In the largest age group (40-49 years at screening) the independent predictors of BMI increase were age, total cholesterol, increased level of physical activity at leisure (inversely) and smoking in 2000 (inversely). Four risk factors-SBP, triglycerides, glucose and quitting smoking-were common through the three ten-year age groups. Little change was seen among the men with BMI 530.0 kg/m 2 at first screening, but numbers in this category were low.
The increase in BMI seen in this cohort accords with the previously reported increase in weight (5.6 kg change from 1966 to 1995) in cross-sectional data among Norwegian men aged 40-42 years. 6 Our study shows a significant age-related change of men over an age span of 30 years. The men were aged 20-49 years at the first screening in 1972/73, and the change has been larger in the younger men, suggesting a future burden of disease for a longer period of their lives. It was therefore of great interest to investigate what risk factors were associated with BMI increase.
Our results indicate a multi-factorial profile. In the NHANES study (n¼9790) obesity was associated with increased CVD mortality, with a significant hazard ratio of 1.24. 15 Low levels of physical activity were also associated, but not caloric intake. In the MONICA study of 38 populations in 21 countries over 10 years follow-up, several known cardiovascular risk factor levels were decreasing, but BMI was on the increase, especially among men, and smoking was increasing among women. 1 SBP showed a decreasing trend as well as total cholesterol although changes were smaller. In Rosengren et al., after 19.7 years of follow-up of 6874 Swedish men, risk of coronary death and nonfatal myocardial infarction increased with increasing weight gain. 11 Smokers are known to be leaner than non smokers, but the risk of CHD death is greater from smoking than from increased BMI. 14 In the Diverse Populations Collaborations study of 21 prospective cohorts, 15.9 kg/m 2 BMI units were required to offset the detrimental effects of smoking among men. 14 Lyratzopoulos et al. 24 studied the relationship between increased BMI and deprivation status among persons aged 35-55 years. They found that BMI increased over time independently of deprivation status, except among obese people. In the 21-year follow-up of this study, however, the risk effect of BMI took 10-15 years to become significant for fatal myocardial infarction. 19 The multi-factorial risk factor profile associated with BMI increase shows the complexity of weight gain. However, this multi-factorial aspect gives scope for several preventive strategies for individuals to achieve a stable BMI that does not increase the risk of serious disease.
Analyses stratified by age gave consistent results across the age groups, with SBP, triglycerides, glucose and quitting smoking as common predictors of BMI change. The older men also had the additional predictors of cholesterol, physical inactivity and being smokers, which may indicate additional changes that occur with increasing age. This age difference may necessitate slightly different approaches for BMI-reducing strategies. It may indicate that the long-term effects of obesity are more complex, given that the older men had been obese for a longer time than the younger ones.
There is a general increase in BMI in many cohorts, [1] [2] [3] [4] [5] [6] and there is a growing concern about the consequences of an obesity 'epidemic'. The consequences for increased cardiovascular disease incidence and mortality and diabetes appear to be real. [7] [8] [9] [10] [11] [12] [13] [14] [15] This study sheds some light on which factors are associated and may be the subject of preventive strategies. There is an overall association between increasing glucose level and BMI, relating the results to risk of diabetes. The factors glucose, triglycerides, SBP and BMI are major factors constituting the metabolic syndrome, 23 and these factors were also related. It is unfortunate that there appears to be a rise in BMI due to quitting 
Age ( smoking, as smoking is a well-known risk factor for cardiovascular diseases. The limitations of this study relate to the fact that the study involves a selection of the men who were alive in 2000. We also lack information on men emigrating and moving out of the greater Oslo area. We are potentially missing people with a high risk, which might strengthen the associations. Subgroup analyses of the two ten-year age groups have a power limitation in comparison to the overall analysis, as do the comparisons between BMI 530.0 kg/m 2 vs. lower BMI. The response rate was not uniform through the six studies ( Table 5) . The studies were different in design and aim, and all studies except Oslo II and DOIT (Diet and Omega-3 Intervention Trial on atherosclerosis) included additional subjects not in the Oslo study cohort. In the Oslo II study, response rate was highest among those who had attended the Oslo cohort. They had the benefit of comparing their health status in 2000 to that in 1972/73 (study response rate was 65% after one reminder of former participants and 52% overall, with no reminder to those not attending in 1972/73). More than 60% was considered satisfactory in the Oslo II study. From earlier analyses, 25, 26 we know that the nonattenders had a higher mortality and morbidity rate. As a consequence the results are biased towards healthier people, and the risks underestimated.
Conclusions
The proportion of obese men increased from 2.5% to 13.5% over a 28-year period. The increases in BMI were greater in younger than in older men. The overall association between the BMI increase and other risk factors was multi-factorial, confirming known independent and modifiable risk factors as serum lipids, glucose, smoking and (inversely) physical activity at leisure.
